Abstract. The purpose of this study was to clarify the effect of adaptation to and expectation of postural sway caused by perturbation of a platform on initial stances prior to postural response. Twenty healthy university students participated in this study. The joint angles of the ankle, knee, hip, and the neck in initial stance were measured. Adaptation to backward postural sway through repeated perturbations caused the body to tilt backward. However, expectation of backward body sway caused the body to tilt forward, compared with the initial stance when forward body sway was expected. It is suggested that expectation induces the initial stance to stabilize against postural sway mechanically prior to postural response. However, adaptation affects the efficiency of the postural response itself.
INTRODUCTION
Falling due to unstable standing balance is considered to be one factor resulting in hip bone fractures, especially in elderly people, so the dynamic standing balance of humans is being given increasingly greater attention [1] [2] [3] . The study of dynamic standing balance originated in Nashner's scheme in which postural response was examined against postural sway induced by a movable platform 4, 5) . Nashner's group found that two comprehensive muscle activation patterns are characteristic of this scheme. When a subject stands on a normal platform and postural disturbance is elicited by horizontal perturbation of the platform, muscle activity begins in the ankle joint muscles and radiates in a distal-to-proximal sequence on the same dorsal or ventral aspect. This pattern is termed ankle strategy. On the other hand, when a subject stands on a platform which is short in relation to foot length, the trunk and thigh muscles that are antagonistic to those used in ankle strategy are activated in the opposite proximal-to-distal sequence. This pattern is termed hip strategy. These responses are termed automatic postural response 6, 7) . This scheme has been used extensively in the study of dynamic standing balance. In this experimental scheme, it is necessary to make the initial stances prior to postural sway consistent throughout the trials of one subject in order to quantify and qualify the postural response itself. Thus it is necessary to confirm that the Center of Pressure (COP) from the force plate and the postural alignment from the three dimensional analysis system is consistent throughout the trials.
It is supposed that the initial stance is influenced by adaptation to postural sway caused by repeated trials and expectation of a perturbation form which is characteristic in direction, amplitude and velocity of platform perturbation. On the other hand, from the point of view of improving standing balance and preventing falling, it is supposed that dynamic standing balance is concerned not only with the postural response itself but also with the process from the selection of an initial stance to the appearance of a postural response. It is supposed that the initial stance is a preparatory posture against postural sway which is selected through advanced inner factors like adaptation and expectation. The selection of an initial stance is therefore thought to be a part of the strategy for controlling dynamic standing balance.
The purpose of this study was to clarify the effect of the two inner factors of adaptation and expectation on initial stances prior to postural responses and to ascertain the significance of both factors in controlling postural balance.
MATERIALS AND METHODS

Subjects
Twenty healthy university students (age: 19.9 ± 1.2) participated in this study.
Apparatus
The subjects stood with their eyes closed and their arms folded on a movable platform (our original portable perturbater; SAKAI Medical Co., Ltd.). The platform perturbations consisted of sudden forward perturbation which caused backward body sway and rotation which caused plantar flexion of the ankle and forward body sway. Seven emitting diodes were placed on the subject's body at the head of the lateral fifth metatarsal, lateral malleolous, lateral condyle (knee), lateral trochanter and chin, and the three-dimensional angles of the ankle, knee, hip and neck were measured with a three-dimensional movement analysis system (NORUMU KOUGAKU Co., Ltd). The emission of each diode was sampled at 83 Hz for 3000 ms (from 500 ms before the start of platform perturbation to 2500 ms after the start of platform perturbation, Fig. 1 ).
Protocol
Protocol 1 (effect of adaptation) For the forward perturbation of the platform, three trials (the first session) were conducted following one practice trial. Three continuous trials (the middle session) were conducted following 12 practice trials, and lastly three trials (the last session) were conducted following 20 practice trials.
For the rotation of the platform, the same procedure was executed.
Protocol 2 (effect of expectation) Two groups of trials were put in practice in turn. One group consisted of 3-5 trials with the same forward perturbation of the platform (forward group), and the other consisted of 3-5 trials with rotation of the platform (rotation group). Each group of trials was put into practice as follows: Forward group ➝ Rotation group ➝ Forward group ➝ Rotation group ➝ Forward group ➝ Rotation group ➝ one forward trial. Subjects attended each trial with the expectation that the stimuli of the next perturbation would be the same as that of the prior trial. The number of trials of each group was determined randomly, so subjects could not anticipate when the the stimuli of perturbation would change. The first trial of each group consisted of one in which subjects were unable to anticipate the stimuli of perturbation for the group, and the last trial of each group consisted of one in which subjects could anticipate the stimuli of perturbation. Three trials for each situation (the first forward perturbation, the last forward perturbation, the first rotation and the last rotation) were conducted. The position of the feet of the standing subject was marked on the platform, and it was checked prior to the perturbation whether the position of the feet was consistent with that of previous trials. Subjects looked at a mark in front of them to adjust their neck angle to that of previous trials and closed their eyes. Subjects were required to maintain the same initial stance as in the previous trial. Each trial was preceded by a 30 sec. intermission in both protocols.
Data analysis
The joint angles of the foot, knee, hip and the neck were measured for 300 msec. from 400 msec. to 100 msec. prior to the onset of perturbation of the platform. The average values of three trials in the same situation were measured for each protocol.
The data were not normally distributed, so the Friedman test was used to clarify the effect of adaptation among the three groups, and Wilcoxon's rank sum test was used between the two groups (alpha=0.05). Wilcoxon's rank sum test was also used to clarify the effect of expectation between the two groups (alpha=0.05).
RESULTS
The effect of adaptation to perturbation on initial stance
Adaptation to forward perturbation of the platform As an adaptation to forward perturbation of the platform, the joint angle of the ankle in the initial stance significantly changed toward dorsi-flexion (p<0.01). There was no significant change in the joint angle of the knee, the hip and the neck (Table  1A) . As a result of adaptation, the body tilted backward around the ankle, which caused instability against backward sway of the body caused by forward perturbation of the platform (Fig.  2) .
Adaptation to rotation of the platform There was no significant change in any joint angle in the initial stance through repeated trials of rotation of the platform. However, the joint angle of the hip tended to increase toward extension (p<0.06, Table 1B ).
The effect of expectation of perturbation on initial stance
When subjects expected forward perturbation of the platform which causes backward sway of the body, the angle of the ankle increased significantly toward plantar-flexion, the angle of the knee joint increased significantly toward extension and the angle of the hip joint decreased toward flexion, compared with the initial stance when subjects expected rotation of the platform which causes forward sway of the body (p<0.001, p<0.001 and p<0.01, Table 2 ). Accordingly, the initial stance tilted forward when backward postural disturbance was expected, compared with the initial stance when forward postural disturbance was expected. Conversely, the initial stance tilted backward when forward postural disturbance was expected, compared with the initial stance when backward postural disturbance was expected (Fig. 3) .
DISCUSSION
The latency in the electromyogram (EMG) of agonists in the lower legs of the postural response induced by perturbation of platform was shorter than 100 ms. Horak (Fig. 1) .
The effect of adaptation to perturbation on initial stance
In adaptation to forward perturbation of the platform, the initial stance tilted backward unexpectedly, which is a more unstable posture against postural sway. This means adaptation to postural perturbation does not affect postural strategy the goal of which is to decrease postural perturbation mechanically. On the other hand, repeated trials of rotation of the platform did not affect the initial stance. This suggests that the length of the foot as a moment arm supports the lower legs and helps reduce activity of the agonists inducing a larger moment around the ankle. Accordingly there is no need for a significant change in the initial stance for this perturbation.
So far it has been reported that repeated experience of postural sway induced by platform perturbation reduces postural sway and muscle activities in postural response under a consistent initial stance. Horak et al. reported that, according to adaptation, the activity of the antagonist which interferes with torque around the ankle was inhibited and that the activity of the agonist also decreased 8, 9) . Hansen et al. also reports that there are two components that contribute to the response reduction. One component is an initial reduction between the first trial and subsequent trials, which is due to habituation of a startle-like response. The other is a second reduction, which is a more gradual adaptation over more than ten trials 10) . In previous studies, though the initial stances were corrected to be consistent, it is supposed that the static muscle tone of the agonists and antagonists changes in the consistent initial stance, which may have an effect on postural response. In our previous study in which initial stances were not corrected as in this study, not only the activity of the agonists decreased but also the latency of the agonists became longer in the electromyogram 11) (EMG). This result in latency was not consistent with Horak's report in which the latency of the agonists did not change in corrected initial stances 10) . The difference in the initial stance as a preparatory posture and the distribution of muscle tone as a correction of initial stance were suggested as factors influencing this different result. In these previous studies, it was thought that adaptation was more closely related to the efficiency of postural response itself than the reduction of postural perturbation due to mechanical support.
The effect of expectation of perturbation on initial stance
When subjects expected backward postural sway caused by forward perturbation of the platform, the initial stance tilted forward, and when subjects expected forward postural sway caused by rotation of the platform, the initial stance tilted backward. Forward movement of the COG in the initial stance i n h i b i t s b a c k w a r d d i s t u r b a n c e o f C O G mechanically, and backward movement of COG in the initial stance also inhibits forward disturbance of COG mechanically. This result indicates that the expectation of stimuli of perturbation has an effect on the strategy, the goal of which is to reduce postural perturbation mechanically.
On the effect of expectation of the stimuli of perturbation, Diener et al. reports that cognition of the stimuli of perturbation does not affect postural response itself 12) . Macpherson et al. also reported that expectation did not affect postural response in an experiment using cats 13) . Hansen et al. did not find that the stimuli of a previous perturbation had an effect on postural response in the next trial 10) . These reports suggest that expectation of the form of perturbation has the effect of increasing mechanical stability in the initial stance before perturbation rather than in the postural response itself in the phase after perturbation.
CONCLUSION
Expectation of postural sway affects the mechanism in which postural perturbation is inhibited mechanically in the initial stance. It was conjectured that adaptation to postural sway affected the mechanism in which postural perturbation is inhibited through improvement of the efficiency of the postural response itself. The results also suggest that instability in the initial stance due to adaptation (for example, plantar flexion for backward postural sway) can stretch the agonists and give adequate muscle tone for efficient muscle contraction and flexibility for postural response.
